In individuals with similar body stores of iron, the amount of iron absorbed from a single oral dose is not proportional to the amount of iron administered. Although a greater amount of iron is absorbed as the size of the oral dose increases, the percentage or fraction of the dose that is absorbed actually decreases (1) (2) (3) . In addition, the amount of iron absorbed from a given dose is dependent upon, among other things, the iron stores of the body (1, (4) (5) (6) . Thus, an individual with deficient iron stores, due solely to deficient iron intake, tends to absorb more iron from a given dose than someone with normal iron stores, while the normal person tends to absorb more iron from the same dose than the individual with excessive iron stores accumulated through a large iron intake.
Although it has been established that the size of the dose and the state of the iron stores of the body both influence the absorption of iron, the biological processes through which the absorption of iron is regulated are unknown. It has been suggested that iron absorption may be controlled either by: 1) the degree of saturation of an intracellular iron carrier, e.g., ferritin (7) ; 2) the degree of saturation of a plasma carrier of iron, or transferrin (8); 3) cellular enzymatic mechanisms (9, 10); 4) the tension of oxygen at the cellular level (11); or 5) the degree of erythropoiesis (1) . None of these hypotheses has gained wide acceptance.
It has recently been observed that the absorption of copper is related to the amount of copper ingested in a manner qualitatively similar to the relationship between dose and amount absorbed for iron (12) . An analysis of this relation indicated that copper absorption is mediated through * Supported by Grants A-251 and 2G-338 from the Na- two mechanisms: 1) a first-order process wherein the amount of copper absorbed is proportional to the amount of copper ingested, and 2) an enzymatic or carrier process which becomes saturated or less efficient as the amount of copper ingested increases. When the intake of copper is low, the carrier process is the more important in terms of amounts of copper absorbed, while at high intakes of copper the first-order process is the more significant (12) . In the study reported here, the processes regulating the absorption of iron were investigated in a similar fashion: an attempt was made to analyze the relationship between the size of the dose of iron and the amount of iron absorbed and to determine the influence of the state of the body stores of iron upon this relationship.
MATERIALS AND METHODS
Swiss albino female mice of the Webster strain were selected for study. The mice were 6 to 7 weeks of age at the onset of the investigation and had an average weight of 14 g. They were kept on zinc screens in plastic cages, the feces and urine falling through the screen to the bottom of the cage where the urine was absorbed by paper toweling.
The mice were divided into 6 groups. Group N and group N., mice with normal iron stores, were maintained on a Purina laboratory chow diet which contained approximately 335 Each dose of labeled iron was 0.2 ml in volume and contained 0.7 to 1.0 ,uc of Fe5'. The amount of iron actually received by each animal was determined from the amount of radioactivity present in the animal soon after the dose was given and from the specific activity of the labeled iron given. Beginning about 2 hours after the dose, the animals were allowed access to the regular chow diet.
The specificity of the influence of body stores of iron upon iron absorption was examined by studying copper absorption in two other groups: group Ncu, normal mice, maintained on the chow diet, and group Fec., iron-loaded mice, also chow-fed but which received in addition 25 mg of iron subcutaneously, as did group Fe. Varying amounts of copper acetate labeled with 0.5 /Ac of Cu" were then placed directly into the stomach through a polyethylene catheter in order to compare the absorption of copper in these two groups. Three mice were used for each dose in each group and the doses used were 1.2, 12, 27, 37, and 112 /Ag of copper.
Each mouse was assayed for radioactivity by counting the whole mouse in a well measuring 1.63 inches in diameter and 2.63 inches in depth in a 3 X 3 inch NaI crystal scintillator. When assayed for Fe", the mouse was counted within 10 minutes after administration of the dose, 3 and 6 hours later, at daily intervals for 4 to 5 days, and then on alternate days. When Cu" was assayed, the mice were counted within 5 minutes after administration of the dose, 3, 6, 9, and 12 hours later, and then at 12-hour intervals for a total of 3 days. The amount of iron or copper remaining in an animal at a given time from a given dose was determined from the amount of radioactivity in the animal at that tipne and from the specific activity of the dose given.
RESULTS
Disappearance of labeled iron from the body after a single oral dose. The disappearance of labeled iron from normal mice (group N) after oral administration is shown in Figure 1 . It will be noted that the general pattern of the disappearance curves was qualitatively the same regardless of the size of the dose; the amount of labeled iron in the animal from a given dose fell rapidly soon after administration and then declined much more slowly after 24 hours. The labeled iron lost was completely recovered in the feces of the animals. After 4 to 6 days, the amount of iron lost per day was from 0.5 to 3 per cent of the amount of labeled iron remaining in the animal; this rate of excretion is equivalent to the turnover of body iron in the mouse (13) . Less than 1 per cent of the labeled iron retained in the animal by this time was present in the gastrointestinal lumen. Therefore, the amount of labeled iron remaining in an animal between 4 and 6 days after administration of a given dose was considered to be the minimum amount of iron absorbed from that dose. The general pattern of disappearance of radioactivity from mice of the remaining groups given labeled iron per os was qualitatively similar to that observed for group N mice (Figure 2) , and in these animals also, the amount of labeled iron retained after 4 to 6 days was a measure of the minimum amount of iron absorbed from a given dose. Absorption of labeled iron at different dose levels in normal mice. In Figure 3 is shown the relationship between the size of the dose and the minimum amount of iron absorbed from that dose in the mice of group N. As the size of the dose increased the amount of iron absorbed increased, even when toxic doses were attained. Above doses of approximately 100 jug, it will be noted that the amount of labeled iron absorbed increased in linear fashion with an increase in the size of the dose and the linear portion of the relationship could be expressed by:
where an is the amount of iron absorbed from a dose Dn which is greater than 100 ,mg; a, and a2 are amounts absorbed at doses D1 and D2, respectively, which are also greater than 100 Mg; and A is the intercept of the line with the axis at zero dose. When A was set at zero, a line parallel to the linear portion of the absorption curve was obtained ( Figure 3) ; subtraction of this line from the total absorption curve yielded another curve which, as indicated in Figure 3, [XI1t _ A _ k2 + k3 [5] [FeX] a ki [FeL] Substituting (Figure 4) . The A C D} A [7] It would appear then that the absorption of iron in the group N mice could be described by two processes operating simultaneously. 1) A first-order process indicated by the linear relationship between the size of the dose and the amount absorbed as described by Equation 1 with A equal to zero. In this system, the amount of iron absorbed per unit time would be limited by the amount of absorbable iron in the gastrointestinal lumen that is presented to the absorbing surface and the upper limit would be determined by the size of the lethal dose. 2) A process which appears to fit the kinetics of an enzymatic or carrier process in which the amount of enzyme or carrier in the system would be the limiting factor for the maximum amount of iron absorbed by this mechanism.
Effect of variations in body iron stores upon absorption of labeled iron. In mice of group Fe, the expansion of body iron stores with subcutaneously injected iron resulted in two differences in iron absorption compared with that in group N mice: 1) the amount of iron absorbed was proportional to the size of the dose so that a carrier or enzymatic process could not be detected with certainty; and 2) the fraction of the dose that was absorbed with first-order kinetics was somewhat decreased (Table I and Figure 5 ). Depriving mice of food for 24 hours prior to oral administration of labeled iron, as in group Fe., did increase the amount of iron absorbed by both processes (Table I and Figure 5 ) compared with group Fe.
In those mice kept on an iron-deficient diet (group D8), the fraction of each dose of iron absorbed by the first-order process was somewhat increased over that for the group N mice (Table  I and Figure 5 ), but the amount of iron absorbed by the enzymatic or carrier process was increased to a greater extent. absorbed by the mice of the group Fe, for the same iron dose.
Effect of variation in body iron stores upon absorption of labeled copper. While increasing the body stores of iron drastically reduced iron absorption, the subcutaneous injection of 25 mg of iron did not affect the absorption of copper. The relationship between the amount of copper absorbed and the size of the copper dose was the same for the mice in both group Ncu and group Fecu ( Figure 6 ). Neither the first-order absorption of copper nor the enzymatic process for copper absorption was influenced by the expansion of body iron stores. 
DISCUSSION
In the mouse, as in man, an increase in the size of the oral dose of iron results in an increase in the amount of iron absorbed but a decrease in the fraction of the dose absorbed. The data in this study suggest that iron absorption in the mouse is mediated by two different mechanisms which operate simultaneously: 1) a process with enzymatic or carrier characteristics in which the limiting factor appears to be the amount of enzyme or carrier available, and 2) a first-order process in which the limiting factor appears to be the amount of absorbable iron in the gastrointestinal lumen that is presented to the absorbing surface. In the mouse, the process with enzyme-or carrier-limited kinetics would appear to have the major role in the absorption of iron at dose levels of iron comparable to those in a -I--I- The nature of the process, which has first-order kinetics, is entirely unknown, but a number of physical or biochemical processes may be likely. Diffusion, for example, is a first-order process, but it would be difficult to explain: 1) how increased body iron stores could inhibit the simple diffusion of iron across the gastrointestinal mucosa, since this process would be virtually independent of the amount of iron in the mucosal cells; and 2) how such inhibition would be specific, since copper absorption is not affected by increased body iron stores. This should not be construed to suggest that iron diffusion across cell membranes is unlikely, but rather that diffusion alone probably is not the controlling factor in the first-order process. On the other hand, the absorption of iron based on a carrier system in which the carrier is present in large excess would also have first-order kinetics. Such a carrier system would be quite different and separate from the enzyme-limited or carrier-limited process in which the amount of iron absorbed appears to be limited by the amount of available enzyme or carrier present. In this first-order process, the concentration of absorbable iron in the gastrointestinal lumen which is presented to the absorbing surface appears to be the limiting factor, at least up to LD50 doses of iron. If a carrier is involved in the first-order process, it should be noted that the carrier could be a relatively small ion or it could be a macromolecule, but other mechanisms might, of course, also account for the first-order kinetics. In any event, it appears that iron absorption does not result from a single process but rather from at least two processes, each of which may be influenced to a different degree by a given stimulus or body state.
SUMMARY
Iron absorption was studied in mice using single doses of iron labeled with Fe59. Iron absorption appears to be mediated by at least two different mechanisms which operate simultaneously: 1) a process with kinetics that suggest an enzymatic or carrier reaction in which the amount of enzyme or carrier present is the limiting factor for the maximum amount of iron absorbed by this mechanism, and 2) a process with first-order kinetics in which the concentration of absorbable iron in the gastrointestinal lumen which is presented to the absorbing surface is the limiting factor to the amount of iron absorbed by this mechanism, and the maximum amount absorbed is determined by the size of the lethal dose. Each of these two processes is influenced to a different degree by the state of the body iron stores, absorption being inhibited by an increase or enhanced by a decrease in body iron.
